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Initialize connection weights of 
neural layer of the NN/SVM shown 
in figure 2 (random weights) 



Compute outputs of the hidden s 
layer; these represent coordinate 
directions in feature space 



Compute necessary inner 
products (kernel function) for 
the SVM component 
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Compute the Lagrange ^ 
multipliers for the SVM component 
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neural layer and the Lagrange 
multipliers of the SVM together 
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training error of the NNSVM 



Perturb at least one 
connection weight 
of neural layer 



45 




>No 



ftpp. Title: A Hybrid Neural Network and Support 

Vector Machine Method for Optimization 
NASA Docket No.: ARC-14586-1 
Inventor: Man Mohan Rai 
MAS A Contact Robert M. Padilla, (650) 604-5104 
Sheet5 of 13 




Upp. Title: A Hybrid Neural Network and Support 

Vector Machine Method for Optimization 
NASA Docket No.: ARC-14586-1 
Inventor: Man Mohan Rai 

NASA Contact Robert M. Padilla, (650) 604-5104 
Sheet 6 of 13 



2.0i 




0.5-* 1 1 , — i 

-2-1 0 x 1 2 3 



Upp. Title: A Hybrid Neural Network and Support 

Vector Machine Method for Optimization 
NASA Docket No.: ARC-14586-1 
Inventor: Man Mohan Rai 
NASA Contact Robert M. Padilla, (650) 604-5104 
Sheet 7 of 13 




ftpp. Title: A Hybrid Neural Network and Support 

Vector Machine Method for Optimization 
NASA Docket No.: ARC-14586-1 
Inventor: Man Mohan Rai 
NASA Contact: Robert M. Padilla, (650)604-5104 
Sheet 8 of 13 



Provide set of parameters p = (p 15 ...... t^) 

that adequately describe airfoil cross- 
sectional shape A 
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Provide optimal data points P(r k ; opt) 
for selected locations r k = (x k , y k , z k ) 
on airfoil perimeter A 



Construct M-simplex MS(p,0) centered 
at p = pO in parameter space, with 
vector Ap(m) from center p = pO to / 
simplex vertex number m 
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Perform CFD or other calculation to 
obtain P(r k ; p) for extended parameter 
value set, p = pO and {p = pO + Ap(m)}, 
(m = 0 M + 1) for each location r k 



To step 86 
Fig. 8A 



85 



From step 



Yes< 



ftpp. Title: A Hybrid Neural Network and Support 

Vector Machine Method for Optimization 
NASA Docket No.: ARC-14586-1 
inventor: Man Mohan Rai 

NASA Contact: Robert M. Padilla, (650) 604-5104 
Sheet 9 of 13 



From Step 85 



To Step 85 



Provide a first objective function 
OB J(p; pO; 1 ) and second objective / 
function 0BJ(p; pO; 2) / 
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Determine minimum value of 
0BJ(p; pO; 1) and corresponding 
parameter vector, p = p(min), ' 
within a selected sphere jp - pOJ < d 
for a selected diameter d (> 1) 
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Replace d by d' (1 <d'<d) / 



Calculate objective function 
0BJ(p; pO; 2) for the extended 
parameter value set and use the 
parameter value set, p = p(min), 
that minimizes 0BJ(p; pO; 1) / 
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To Step 91 
Fig. 8B 
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Interpret parameter set p = p(min) 
as optimal design 
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